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‘Presenting CXR phenotype of H1N1 ’flu compared with contemporaneous non-H1N1, Community Acquired Pneumonia, during pandemic and post-pandemic outbreaks.’ 
ABSTRACT
Aims. To review, phenotype and assess potential prognostic value of initial chest x-ray findings in patients with H1N1 influenza during seasonal outbreaks of 2009 and 2010, in comparison with non-H1N1, community acquired pneumonia (CAP). 
Methods. We retrospectively identified 72 patients admitted to hospital with pneumonia during the seasons of 2009 and 2010. H1N1 cases were confirmed by virology PCR. Presenting chest x-rays were jointly read by 2 radiologists, who were ‘blinded’ to further patient details and divided into 6 zones. Total number of opacified zones, the pattern and distribution of changes and length of hospital stay were recorded. 
Results. Patients with H1N1 demonstrated more opacified zones (mean of 2.9 compared with 2.0; p=0.006), which were bilateral in two-thirds compared with a quarter of those with non-H1N1 CAP (p=0.001).  H1N1 radiographs were more likely to be ‘patchy’ versus ‘confluent’ changes of non-H1N1 CAP (p=0.03) and more often demonstrated peripheral distribution (p=0.01). H1N1 patients tended to stay in hospital longer (not significant; p=0.08).  A positive correlation existed between number of affected zones and length of inpatient stay, which was statistically significant for the cohorts combined (p=0.02). The findings were the same for the two evaluated seasons.
Conclusion. H1N1 patients demonstrated more extensive disease, which was more likely bilateral, ‘patchy’, and peripheral in distribution. With increasing global cases of H1N1, knowledge of the typical findings of the H1N1 presenting chest x-ray may assist with early triage of patients, particularly where rapid viral testing is not available.

INTRODUCTION
H1N1, a new influenza A virus of swine origin was first reported in Mexico, in March 2009. Within weeks the virus had spread globally and in June 2009 the World Health Organisation (WHO) declared a global level 6 pandemic[1], and new H1N1 became the first influenza pandemic of the 21st century. The virus spread to all countries of the world and caused unusual and extreme outbreaks of disease in the summer months and very high levels of disease in the winter months, with almost complete dominance over the seasonal influenza viruses [2]. Key features were characterised by; younger host age, fewer host co-morbidities, more radiographic extension, and more severe respiratory compromise than seasonal influenza pneumonias, and with pregnancy being an additional risk factor[3]. 284,000 people were estimated to have died worldwide during the outbreaks of 2009 and 2010, 80% of these occurring in people under 65 years of age with 51% in south east Asia and Africa[4,5].

Whilst the novel character and clinical manifestations of H1N1 have been well documented, less has been reported on the imaging findings and a radiographic criterion is not currently included in the WHO diagnosis, unlike in avian ‘flu outbreaks [2].

Several studies have reported on the chest x-ray phenotype, some suggesting prognostication of H1N1 disease by chest x-ray appearance and further studies of serial imaging, which have demonstrated lung infiltration and progression to acute respiratory distress syndrome (ARDS)[6,7,8].  However, at the point of presentation, it would be necessary to identify H1N1 rapidly and differentiate it from the less aggressive community acquired pneumonias.

To our knowledge, there has been no series comparing the admission chest x-ray phenotype of H1N1 pneumonias with contemporaneous non-H1N1 pneumonias, in either the pandemic or immediate post-pandemic phases of 2009 and 2010. 

Although the post-pandemic phase was declared in August 2010, the virus continues to circulate, with sporadic outbreaks in the UK over the 2013-2014 ‘flu season and a recent death in an otherwise well, middle-aged adult [9]. However in the US the ‘flu season of 2013-2014 has seen H1N1 as the dominant strain causing 98% of cases of ‘flu and with 60% of hospital admissions occurring in 18-64 year olds, more commonly associated with those over 65 years.  There have also been 75 related deaths in children in the US from September 2013-March 2014[10].  Influenza seasons are highly variable, due to the potential for antigenic drift and waning host immunity; and whilst many were affected by H1N1 in 2009 and 2010, many people remain vulnerable to infection.

The present study aimed to review the presenting chest radiographs in confirmed H1N1 influenza in comparison with contemporaneous non-H1N1 community acquired pneumonia (CAP). Additionally, we aimed to test the hypothesis that the presenting chest radiograph had prognostic value in relation to outcome as measured by length of hospital stay.

METHODS
Patients
This retrospective study was performed for the winter ‘flu seasons of 2009 and 2010 (Oct-Dec). A total of 33 patients who had been admitted with lower respiratory tract infection and tested positive for H1N1 on PCR laboratory analysis were selected from the Respiratory Database of a large teaching hospital. A similar number of patients (n=39) admitted over the same time period who tested negative were also selected. 
Given the retrospective nature of this study, approval was obtained from the Institutional Research Ethics Committee to perform this study without the need for written informed consent. Patients were divided into four cohorts as described in Table 1. 


Image Evaluation
The presenting digital chest x-ray (within 24 hours of admission) was accessed via the picture archiving and communications system (PACS), anonymised, and transferred to a separate work list.  The chest x-rays were then analysed in consensus by three experienced chest radiologists, with 23, 20 and 10 years experience respectively. The radiologists were blinded to patient details, presenting complaint, and subsequent radiological investigations. 

The chest x-ray was divided into 6 radiologically recognised zones: upper, middle and lower (left and right). ‘Upper’ being above the 2nd costal cartilage, ‘middle’ between the 2nd and 4th, and ‘lower’ being below the 4th. The total number of opacified zones was recorded and the pattern of parenchymal opacification was further described as either ‘patchy’, ‘confluent’ or ‘mixed’. The distribution of changes was also recorded as either ‘peri-hilar’ (central), ‘peripheral’ or ‘mixed distribution’. The presence of lobar collapse, pleural effusions and cavitation were recorded.  From the patient electronic record the following were noted; age at time of admission, gender, significant past medical history, positive microbiological analysis, total duration of inpatient stay and mortality. 

Statistical Analysis
Statistical analysis of results was performed using IBM SPSS Statistics software 20.0. Statistical significance was set at p<0.05. The first set of analysis compared the number of affected zones between pneumonia types, H1N1 and non-H1N1 CAP (Table 4). The number of zones was found to be approximately normally distributed, and so the unpaired t-test was used for the analysis. The same methods were also used to compare between differences between outbreaks (2009, 2010) for the H1N1 patients. 

Fisher's exact test was used to compare the categorical variables between H1N1 and non-H1N1 CAP patients (Table 5).  Unilateral/bilateral and distribution were measured at the patient level, and so one observation per patient was used in these analysis. One patient had no zones affected and so was omitted for the unilateral/bilateral analysis. Both zone and type of opacification had several measurements per patient (if more than one zone was affected) and so one observation per zone was included in the analysis for these variables. The analysis of these variables was restricted to zones with opacification only.

The next set of analyses compared length of stay in hospital between pneumonia groups and also between outbreaks for the H1N1 patients (Table 6). The lengths of stay values were found to have a positively skewed distribution, and so the Mann-Whitney test was used for the analyses. The final analyses examined the association between the number of opacification zones and length of stay (Table 7). Both variables were measured on a continuous scale, and both variables, particular length of stay, were not particularly normally distributed. As a result, Spearman's rank correlation was used for the data analysis. Analyses were performed for all subjects combined, and then separately for H1N1 and non-H1N1 subjects. 


RESULTS
Of the 72 patients selected, 32 were female and 40 male. The mean age ranged from 49.1 to 58.8 years between the four cohorts, with no statistically significant differences (Table 1; p=0.7). Table 2 shows that both combined cohorts of H1N1 and non-H1N1 patients were similar in terms of their background clinical medical history; with just under half of both groups having some significant respiratory history. COPD and asthma were most common, with a slightly higher incidence of COPD reported in the non-H1N1 cohort, (31% versus 23%). All patients within the H1N1 cohort tested positive with H1N1 by PCR analysis. In the non-H1N1 cohort, testing negative for H1N1, pathogens were isolated in only 34% of cases (Table 3). Roughly equivalent numbers of common community acquired bacterial (16%) and viral isolates (18%) were however reported. 

Table 4 shows that patients with H1N1 had a significantly higher number of opacified zones on the presenting chest x-ray than those with non-H1N1 CAP (mean of 2.9 versus 2.0; p=0.006).  No difference was found in the number of opacified zones between the H1N1 pandemic and H1N1 post-pandemic cohorts. 

Table 5 shows the distribution of phenotypic features in the two groups. There was no significant difference in the zonal distribution of parenchymal changes, with both H1N1 and non-H1N1 cohorts demonstrating propensity for the lower zones.  H1N1 cases showed bilateral changes in two-thirds of cases, compared to a quarter in those with non-H1N1 CAP (p=0.001). Typical examples of the H1N1 chest x-ray phenotype and other non-H1N1 pneumonias are shown in Figures 1 and 2, a-d. 

The two cohorts differed further in the pattern of opacification reported, with the H1N1 presenting chest x-ray more likely to demonstrate ‘patchy’ changes, compared with more ‘confluent’ changes of non-H1N1. When a score was assigned to achieve a relative weighting to the pattern of opacification, H1N1 patients had a significantly higher weighting of parenchymal changes. Therefore as well as more zones affected the parenchyma also demonstrated greater involvement. 

There was also a significant difference demonstrated in the distribution of changes, with H1N1 more likely to show a peripheral distribution (p=0.01) compared with the predominantly ‘mixed’ and perihilar’ distribution in non-H1N1 CAP. 

Pleural effusions were three times more frequently reported in the non-H1N1 cohort.  No lobar collapse or cavitation was reported in either cohort. 

Table 6 shows the length of inpatient hospital stay, which was longer in the H1N1 cohort (median of 9 days) compared with the non-H1N1 cohort (median of 6 days). However, this did not quite reach statistical significance. No difference was found in the length of hospital stay between H1N1 pandemic (2009) and post-pandemic cohorts (2010). 

When the number of affected, (opacified) zones was compared with the length of hospital stay, there was a positive correlation between variables, suggesting a higher number of zones were associated with a longer length of stay (Table 7). This was statistically significant when the results were combined. No significant difference was demonstrated for the individual cohorts, which is likely due to the smaller numbers when the cohorts are considered individually. 

DISCUSSION
Whilst the clinical manifestations of H1N1 have been well documented, the imaging characteristics have been less well studied. We could not find any publications of series comparing the admission chest x-ray phenotype of H1N1 pneumonias with contemporaneous non-H1N1 pneumonias, in either the pandemic or immediate post-pandemic phases of 2009 and 2010. 

The first case reports on chest x-ray findings, during the early phase of the 2009 pandemic, were variable, reporting unilateral or bilateral, focal or multi-focal consolidation; with some suggesting basal, and others axial predominance[11,12]. 

Subsequently, the largest series by Aviram et al, looked at the chest x-ray appearance of 97 patients with H1N1 presenting to the emergency department. 39 patients had abnormal chest x-rays, which were more likely to have bilateral than unilateral changes. Bilateral, multi-zonal and peripheral changes on the chest x-ray were also associated with more adverse clinical outcomes [6]. 

The presenting chest x-rays in H1N1 pneumonias are all abnormal in our study, which is likely due to selection bias as all were hospitalised patients. Significant differences are demonstrated in the initial chest x-ray appearance in patients presenting with H1N1 compared with non-H1N1 CAP. Patients with H1N1 demonstrated a significantly higher number of affected zones on the presenting chest x-ray. Both cohorts demonstrated a propensity for the lower zones, although H1N1 pneumonias were more likely to be bilateral, ‘patchy’, and peripheral in distribution. This compared with the unilateral, ‘confluent’ and predominantly ‘mixed’ distribution of patients with non-H1N1 CAP. 

In addition to Aviram’s early series, a number of further small studies of hospitalised H1N1 patients went on to demonstrate bilateral, ‘patchy’ and lower zone predominance as the dominant imaging findings[13-17], with some studies also supporting our findings of a predominantly peripheral distribution[6,11,16-19]. Peripheral opacification on the chest x-ray is an atypical pattern for viral pneumonias [20 making this a useful defining and discriminatory feature.  

Only a small number of pleural effusions and no lobar collapse or lung cavitation were demonstrated in our study, supporting that these are not common phenotypic features of the presenting H1N1 chest x-ray.

A number of studies looking at clinical risk factors identified an association between an abnormal chest x-ray and adverse outcome [3,7,8,21]. Two small studies of patients admitted to the ITU demonstrated that bilateral and multi-focal changes on the presenting chest x-ray, was more likely to require ITU admission and progression to an ARDS type appearance [7,8].

In our study, the length of inpatient hospital stay was longer in the H1N1 cohort, compared with non-H1N1, although this did not quite reach statistical significance. This may be due to the relatively small numbers studied. Similarly, there was an insufficient number of fatalities in our study to investigate mortality, but all 3 fatalities occurred in the H1N1 cohorts. A 65 year-old and 58 year old man who each had 6 and 5 zones of opacification, died at 3 and 12 days post admission respectively. There was a further early fatality in an 85 year-old female with only a single zone of opacification. 

Uniquely, this is the only study to compare the pandemic and post-pandemic chest x-ray phenotype of H1N1. Pandemic and post pandemic phenotypic differences with other viral pathogens are similarly not reported in the literature. However, due to the recognised phenomenon of ‘antigenic drift’; the virus’s response to increasing population immunity by infection or immunisation, significant phenotypic differences could theoretically be feasible. In this study no significant differences in the extent of chest x-ray findings were identified on the post-pandemic chest x-ray and there was also no difference in the recorded length of patient hospital stay. Surveillance data indicate that most circulating H1N1 viruses have remained antigenically similar since they emerged in humans in 2009 [2]. The persistence of the H1N1 chest x-ray phenotype in the post-pandemic phase is therefore robust and may prove consistently useful in the early triage environment.

Global cases of H1N1 are again on the increase, with recent small outbreaks in the UK, and with H1N1 again the dominant ‘flu virus during the US winter ‘flu season of 2013-2014. Whilst many people worldwide were affected by H1N1 in 2009 and 2010, many people remain vulnerable to infection.  

The rapid progression of H1N1 infection and its unusual propensity to cause more severe disease in younger and previously healthy patients highlights the importance for radiologists and admitting clinicians to be aware of its discriminating presenting chest x-ray appearances.  

These features on the H1N1 presenting chest x-ray, phenotyped here, may assist with the early triage of patients, particularly where rapid viral testing is not available.  
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